This report describes the first diagnosis of swine influenza H1N2 virus infection in growing pigs in Korea by virus isolation, reverse transcription-polymerase chain reaction (RT-PCR), histopathology, and in situ hybridization. The subtype of swine influenza virus isolates was determined to be H1N2 by RT-PCR. The most consistent and predominant histological feature was bronchointerstitial pneumonia. Lung tissues from these pigs were hybridized with the nonradioactive digoxigenin-labeled complementary DNA (cDNA) probe from H1 HA and N2 NA genes but not from H3 HA and N1 NA genes. A strong hybridization signal was seen in bronchial-and bronchiolar-lining epithelial cells and in alveolar and interstitial macrophages.
Influenza viruses contain a segmented genome consisting of 8 minus-sense RNA segments, which code for 10 known viral proteins and are capable of reassortment during coinfection of a single host with 2 influenza viruses. 11 Several subtypes within influenza A virus have been reported on the basis of the difference in hemagglutinin (HA) and neuraminidase (NA). 14 Among various subtypes of influenza A virus, H1N1, H1N2, and H3N2 have been commonly isolated from swine population throughout the world. 12 Infections are manifested most commonly as explosive outbreaks of acute respiratory disease, with fever, anorexia and weight loss, lethargy, nasal and ocular discharge, coughing, and dyspnea. High morbidity with mortality below 5% is commonly seen. 6 This report describes the first diagnosis of swine influenza H1N2 virus infection in Korean pigs by virus isolation, reverse transcription-polymerase chain reaction (RT-PCR), histopathology, and in situ hybridization.
In January 2003, a severe outbreak of influenza-like disease occurred in a pig farm in Kyounggi Province with 200 breeding sows. Clinical signs included sneezing, rough hair, and cough in approximately 45% pigs. The grower and finisher pigs were lethargic with high fever (up to 42ЊC) and did not eat for several days. There was stiffness, weakness, and serous oculonasal discharge. The morbidity rates approached 100%, and the death rate in grower and finisher pigs was 3%. Antibiotic therapy did not show any beneficial results in this herd. Five 85-day-old pigs with severe respiratory disease were necropsied and tested by histopathological examination, bacterial and virus isolation, and in situ hybridization. Gross lesions were similar in the 5 pigs. The lungs were diffusely noncollapsed and firm to rubbery throughout all lobes. The cranial lobes of the lungs of 3 pigs were consolidated, and consolidated lobules were seen scattered through the accessory lobes as well as the cranial parts of the caudal lobes. Portions of the lung were immersed in 10% neutralbuffered formalin, embedded in paraffin, sectioned at 4-m thickness, and stained with hematoxylin and eosin (HE).
Lung tissues were examined for viral pathogens that have been associated with respiratory disease in swine, including porcine reproductive and respiratory syndrome virus (PRRSV), porcine circovirus type 2 (PCV2), and swine influenza virus. Cytopathic viruses were detected after 3 passages in Madin-Darby canine kidney (MDCK) cells from homogenates of lung tissue from 2 pigs. Both PRRSV and PCV2 antigen were not detected in MARC-145 and PCV-free PK15 cells, respectively, by immunohistochemical staining.
The subtype of swine influenza virus was determined by RT-PCR, as described previously. 4, 5, 15 For HA subtyping, one set of primers (H1F 5Ј-GGGA-CATGTTACCCAGGAGAT-3Ј, nucleotides 345-365; H1R 5Ј-CTGCTTGACCTCTCACTTTGG-3Ј, nucleotides 756-736) was designed to amplify 411 base pair (bp), and the other set (H3F 5Ј-AGCAAAAGCA-GGGGAAA-3Ј, nucleotides 1-17; H3R 5Ј-CAGTA-GCATTAGTCACTTCA-3Ј, nucleotides 179-198) was designed to amplify 198 bp of H3 HA gene. For neuraminidase subtyping, one set of primers (N1F 5Ј-GGGTCCAAAGGAGACATTTTTG-3Ј, nucleotides 324-346; N1R 5Ј-CTATCCAAACACCATTGCCA-TA-3Ј, nucleotides 1078-1057) was designed to amplify 754 bp of N1 NA gene, and the other set (N2F 5Ј-TGCGATCCTGACAAGTGTTATC-3Ј, nucleotides 364-385; N2R 5Ј-CAGACACATCTGACACCAG-GAT-3Ј, nucleotides 866-845) was designed to amplify 502 bp of N2 NA gene.
The labeled probe of in situ hybridization was prepared by RT-PCR products of H1 HA and N2 NA genes that were purified with a 30-kD cut-off membrane filter. The nucleotide sequences of the purified RT-PCR products were determined by means of BigDye chemistry with the sequencer. a Sequencing was performed on the purified RT-PCR products before they were labeled by random priming with digoxigenin-dUTP b , according to the manufacturer's instructions. In situ hybridization was performed in formalin-fixed, paraffin-embedded lung tissues for the detection of the viral pathogens such as PRRSV, PCV2, and swine influenza virus, as described previously. 3, 8, 10 The swine influenza H1N2 virus-infected MDCK cell lines were used as positive control for in situ hybridization.
Amplification of template complementary DNA (cDNA) with primers for H1 HA or N2 NA resulted in amplified products corresponding to those of the predicted size, i.e., 411 and 502 bp. Polymerase chain reaction products were sequenced and their identities were confirmed as H1 HA and N2 NA genes. There were no detectable H3 HA or N1 NA gene sequences to be amplified by RT-PCR. Routine bacterial examination of lungs from necropsied pigs yielded Actinobacillus pleuropneumoniae from 1 pig and Pasteurella multocida from another 2 pigs.
The histological lesions were confined to the lungs. Microscopic lesions were similar for all 5 pigs in the lungs. The most consistent and predominant histological feature was bronchointerstitial pneumonia. There was a multifocal interstitial pneumonia with mononuclear cell infiltration and thickening of the alveolar septa. The bronchiolar lumens were filled with proteinrich exudate, macrophages, neutrophils, and necrotic debris (Fig. 1) .
The 5 pigs naturally infected with swine influenza virus had distinct positive hybridization signals. Positive cells typically exhibited a dark brown reaction product in the nucleus and cytoplasm, without any background staining. Lung tissues from these pigs were hybridized with the nonradioactive digoxigeninlabeled cDNA probe from H1 HA and N2 NA genes but not from H3 HA and N1 NA genes. A strong signal was observed in bronchial-and bronchiolar-lining epithelial cells and in alveolar and interstitial macrophages (Fig. 2) . No signal for swine influenza virus was consistently observed in tissue sections treated with RNase A before in situ hybridization. The probes for PRRSV and PCV2 were consistently negative in lung tissues from all 5 pigs.
H1N2 viruses were isolated previously from pigs in the United States in 1999, 9 in France in 1987 and 1988, 7 in Japan in 1978-1980 and 1989-1992, 13,16 and in the United Kingdom in 1994 and thereafter. 1, 2 The H1N2 viruses in the United States, Japan, and the United Kingdom caused large-scale outbreaks of disease and spread throughout the swine populations of each country. 1, 2, 9, 13, 16 In the epidemiological study, typical clinical signs of influenza were not seen in 30 farms around the original farms, which had outbreak of influenza infection (data not shown). Therefore, the H1N2 virus in Korea did not spread beyond its initial farms of origin, similar to viruses from France. 7 In situ hybridization results suggest that swine influenza H1N2 virus infects pulmonary macrophages. When interpreting positive in situ hybridization signal in cells of the macrophage lineage, one must consider whether the cell is truly permissive for viral infection or whether the positive signal may merely reflect phagocytized viral RNA from neighboring infected permissive cells. Infection of pulmonary macrophages by H1N2 virus is an indication of a direct pathogenic effect of the H1N2 virus. Such changes adversely affect the pulmonary host defense mechanisms and may lead to secondary bacterial infections as seen in the 3 pigs in this report.
Detection of swine influenza H1N2 virus within the pneumonic lesions indicated that this virus caused pneumonia in the pigs. The subtype of swine influenza virus isolates was determined to be H1N2 by RT-PCR. The genetic characterization of the Korean H1N2 influenza virus isolate is being done to determine the origin of this novel swine influenza virus subtype.
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